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Description 

BACKGROUND OF THE INVENTION 



[0007] It is therefore desirable to provide a scheme 
for efficiently cooling the inner shroud of a gas turbine 
vane. 



[0001] The present invention relates to a stationary 
vane for use in the turbine section of a gas turbine. More 
specifically, the present invention relates to the cooling 
of the inner shroud portion of a gas turbine vane. 
[0002] A gas turbine employs a plurality of stationary 
vanes that are circumferential^ arranged in rows in a 
turbine section. Each vane is comprised of an airfoil sec- 
tion formed between inner and outer shrouds. Since 
such vanes are exposed to the hot gas discharging from 
the combustion section, cooling of these vanes is of ut- 
most importance. Typically, cooling is accomplished by 
flowing cooling air through radially oriented passages, 
such as forward and aft passages, formed inside the 
vane airfoil. 

[0003] A portion of the cooling air flowing through the 
aft airfoil passage is typically discharged through cool- 
ing air holes in the trailing edge of the airfoil. Another 
portion of the cooling air flowing through the aft passage, 
as well as the cooling air flowing through the forward 
airfoil passage, is typically discharged from the vane 
through the inner shroud and enters a cavity located be- 
tween adjacent rows of rotor discs. The cooling air in the 
cavity serves to cool the faces of the discs. 
[0004] In the past, a portion of the cooling from the 
cavity between the discs has sometimes been used to 
cool the inner shroud by impinging cooling air against 
the shroud surface or flowing cooling air through pas- 
sages in the body of the shroud. Unfortunately, tradition- 
al schemes have not made optimum use of this cooling 
air. Although such cooling air eventually enters the hot 
gas flowing through the turbine section, little useful work 
is obtained from the cooling air, since it was not subject 
to heat up in the combustion section. Thus, to achieve 
high efficiency, it is crucial that the cooling air be effec- 
tively utilized so as to minimize the amount of cooling 
air used. 

[0005] In FR-A-21 98054 there is disclosed a gas tur- 
bine which has a chamber formed therein and a first pas- 
sage in flow communication with the chamber. The 
chamber receives at least a portion of cooling air re- 
ceived via the first passage. Additionally, there are a plu- 
rality of second passages in flow communication with 
the chamber such that the second passages receive at 
least a portion of the cooling air received by the cham- 
ber. Furthermore, a shroud portion has a first passage 
formed therein which is in flow communication with a 
cavity and an array of pin fins. 
[0006] GB-A-2104965 shows a shroud fora vane hav- 
ing the above features and in addition has a first surface 
exposed to the flow of hot compressed gas and a sec- 
ond surface which is disposed opposite the first surface. 
Furthermore there is a chamber and an outlet of the first 
passage is connected to the chamber and the inlet of 
the second passage is also connected to the chamber. 



5 SUMMARY OF THE INVENTION 



[0008] Accordingly, it is the general object of the cur- 
rent invention to provide a scheme for efficiently cooling 
the inner shroud of a gas turbine vane. 
10 [0009] Briefly, this object, as well as other objects of 
the current invention, is accomplished in a gas turbine 
comprising (i) a compressor for producing compressed 
air (ii) a combustor for heating at least a portion of the 
compressed air, thereby producing a hot compressed 
15 gas and (iii) a turbine for expanding the hot compressed 
gas so as to produce shaft power. The turbine has a sta- 
tionary vane disposed therein that is exposed to the hot 
compressed gas and a cavity in flow communication 
with the compressor, whereby the cavity receives a flow 
20 of cooling air formed by a portion of the compressed air. 
The stationary vane has an airfoil portion and a shroud 
portion disposed adjacent to the cavity. The shroud por- 
tion has a first passage in flow communication with the 
cavity whereby the first passage receives a portion of 
25 the cooling air. An array of pin fins are disposed in the 
first passage. 

[001 0] According to the invention, the shroud further 
comprises the features a), b) and c) of claim 1 . 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Figure 1 is a longitudinal cross-section, partial- 
ly schematic, of a gas turbine incorporating the vane of 
the current invention. 
35 [0012] Figure 2 is a view of the underside - that is, 
looking radially outward, of the inner shroud portion of 
the row 2 vane shown in Figure 1 . 
[0013] Figure 3 is a cross-section taken through line 

III- Ill shown in Figure 2, showing a detailed view of the 
40 portion of Figure 1 in the vicinity of the row 2 vane. 

[0014] Figure 4 is a cross-section taken through line 

IV- IV shown in Figure 2, showing the inlet to the pin fin 
passage. 

[0015] Figure 5 is a cross-section taken through line 
45 V-V shown in Figure 2, showing the impingement cham- 
ber and inner shroud trailing edge cooling hole. 
[0016] Figure 6 is a cross-section taken through line 

VI- VI shown in Figure 2, showing both impingement 
chambers. 

50 [0017] Figure 7 is a cross-section taken through line 

VII- VII shown in Figure 2, showing the inlet and outlet 
to the pin fin passage. 

[001 8] Figure 8 is a cross-section taken through line 

VIII- VIII shown in Figure 2, showing the cooling air hole 
55 in the side rail of the inner shroud. 

[0019] It should be noted that cross-sections taken 
through Figure 2 would show the vane oriented upside 
down from the manner in which it is normally viewed. 
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Therefore, to allow ready comprehension, Figures 3-8 
have been rotated so that the vane is oriented in its nor- 
mal upright position. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 5 

[0020] Referring to the drawings, there is shown in 
Figure 1 a longitudinal cross-section through a portion 
of a gas turbine. The major components of the gas tur- 
bine are a compressor section 1 , a combustion section 10 

2, and a turbine section 3. As can be seen, a rotor 4 is 
centrally disposed and extends through the three sec- 
tions. The compressor section 1 is comprised of cylin- 
ders 7 and 8 that enclose alternating rows of stationary 
vanes 12 and rotating blades 13. The stationary vanes is 

12 are affixed to the cylinder 8 and the rotating blades 

13 are affixed to discs attached to the rotor 4. 
[0021] The combustion section 2 is comprised of an 
approximately cylindrical shell 9 that forms a chamber 

14, together with the aft end of the cylinder 8 and a nous- 20 
ing 6 that encircles a portion of the rotor 4. A plurality of 
combustors 15 and ducts 16 are contained within the 
chamber 14. The ducts 16 connect the combustors 15 
to the turbine section 3. Fuel 35, which may be in liquid 
or gaseous form — such as distillate oil or natural gas — 25 
enters each combustor 15 through a fuel nozzle 34 and 
is burned therein so as to form a hot compressed gas 30. 
[0022] The turbine section 3 is comprised of an outer 
cylinder 10 that encloses an inner cylinder 11 . The inner 
cylinder 1 1 encloses rows of stationary vanes and rows 30 
of rotating blades that are circumferentially arranged 
around the centerline of the rotor 4. The stationary 
vanes are affixed to the inner cylinder 1 1 and the rotating 
blades are affixed to discs that form a portion of the tur- 
bine section of the rotor 4. 35 
[0023] In operation, the compressor section 1 inducts 
ambient air and compresses it. A portion of the air that 
enters the compressor is bled off after it has been par- 
tially compressed and is used to cool the rows 2-4 sta- 
tionary vanes within the turbine section 3, as discussed 40 
more fully below. The remainder of the compressed air 
20 is discharged from the compressor section 1 and en- 
ters the chamber 14. A portion of the compressed air 20 
is drawn from the chamber 14 and used to cool the first 
row of stationary vanes, as well as the rotor 4 and the 45 
rotating blades attached to the rotor. The remainder of 
the compressed air 20 in the chamber 14 is distributed 
to each of the combustors 15. 

[0024] In the combustors 1 5, the fuel 35 is mixed with 
the compressed air and burned, thereby forming the hot so 
compressed gas 30. The hot compressed gas 30 flows 
through the ducts 16 and then through the rows of sta- 
tionary vanes and rotating blades in the turbine section 

3, wherein the gas expands and generates power that 
drives the rotor 4. The expanded gas 31 is then exhaust- 55 
ed from the turbine 3. 

[0025] The current invention is directed to the cooling 
of the stationary vanes and will be discussed in detail 



with reference to the second row of stationary vanes 1 7. 
As shown in Figure 1, a portion 19 of the air flowing 
through the compressor 1 is extracted from an inter- 
stage bleed manifold 21, via a pipe 32, and is directed 
to the turbine section 3. In the turbine section 3, the cool- 
ing air 19 enters a manifold 22 formed between the inner 
cylinder 11 and the outer cylinder 10. From the manifold 
22, the cooling air 19 enters the second row vanes 17. 
[0026] As shown in Figure 3, the vane 1 7 is comprised 
of an airfoil portion 25 that is disposed between inner 
and outer shrouds 26 and 27, respectively. Support rails 
36 and 37 formed on the outer shroud 27 are used to 
attach the vane 17 to the turbine inner cylinder 11. As 
shown in Figure 6, the airfoil portion 25 of the vane 17 
has generally concave shaped wall 51 , which forms the 
pressure surface 23 of the airfoil, and a generally convex 
wall 52, which forms the suction surface 24 of the airfoil. 
At their upstream and downstream ends, the walls 51 
and 52 form the leading and trailing edges 28 and 29, 
respectively, of the airfoil 25. The airfoil 25 is substan- 
tially hollow and a rib 40 divides the interior into fore and 
aft passages 42 and 44, respectively. 
[0027] Tubular members 46 and 47 - referred to as 
"inserts" - are attached to the outer shroud 27 and ex- 
tend into the fore and aft cavities 42 and 44, respectively. 
A number of small cooling air holes 70 and 71 are 
formed in the inserts 46 and 47. The cooling air holes 
70 and 71 serve to impinge cooling air on the airfoil walls 
51 and 52 and to distribute portions of the cooling air 19' 
and 19" around the fore and rear passages 42 and 44. 
[0028] The concave and convex walls 51 and 52, re- 
spectively, form a cooling air passage 38 between them- 
selves in the region of the trailing edge 29 of the airfoil 
25. A number of pins 62 - often referred to as "pin fins" 
- extend transversely through the passage 38 and 
serve to create turbulence that increases the heat trans- 
fer coefficient of the cooling air 74 flowing through the 
passage. 

[0029] Although a substantial portion of the cooling air 
19 flowing through the inserts 46 and 47 exits via the 
holes 70 and 71 distributed around the walls of the in- 
serts, portions 75 and 76 of the cooling air 19 exit 
through holes 72 and 73 formed in the bottom of the in- 
serts 46 and 47, respectively, as shown in Figure 3. The 
cooling air portions 75 and 76 exit the vane 1 7 through 
openings 68 and 69 in the inner shroud 26. From the 
openings 68 and 69 the cooling air 75 and 76 enters an 
annular cavity 45 formed between the inner shroud 26 
and the discs 55 and 56 of the rotor 4. The first row of 
rotating blades 102 are attached to the disc 55 and the 
second row of rotating blades 103 are attached to the 
disc 56. 

[0030] An interstage seal housing 66 is attached to 
the inner shroud 26 by bolts (not shown) and carries a 
seal 33. A plurality of labyrinth fins from the seal 33 ex- 
tend into an annular passage formed between the seal 
33 and arms 48 and 49 that extend from the discs 55 
and 56, respectively. The seal housing 66 controls the 
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flow of cooling air from the cavity 45. Specifically, pas- 
sages 50 in the housing direct a portion of the cooling 
air 75 and 76 out of the cavity 45, whereupon it is split 
into two streams 85 and 86. The first stream 85 flows 
radially outward into the hot gas 30 flowing through the 
turbine section 3. In so doing, the cooling air 85 cools 
the rear face of the disc 55 and prevents the hot gas 30 
from flowing over the disc face. A honeycomb seal 87 
formed in the vane inner shroud 26 regulates the flow ^ 
of cooling air 85 into the hot gas 30. 
[00311 The second stream 86 flows through the annu- 
lar labyrinth seal passage and then flows radially out- 
ward into the hot gas 30 flowing through the turbine sec- 
tion 3. In so doing, the cooling air 86 cools the front face 
of the disc 56 and prevents the hot gas 30 from flowing 
over the disc face. 

[0032] Since the pressure of the hot gas 30 flowing 
over the second row of rotating blades is lower than that 
flowing over the first row of rotating blades, were it not 
for the seal 33 substantially all of the cooling air would 
flow downstream to the disc 56. The seal 33 prevents 
this from happening, thereby ensuring cooling of the up- 
stream disc 55. 

[0033] According to the current invention, another 
portion of the cooling air75 and 76 delivered to the cavity 25 
45 is used to cool the inner shroud 26. 
[0034] The inner shroud 26 has a radially outward fac- 
ing surface - that is, the surface that faces toward the 
outer shroud 27 and that is exposed to the flow of hot 
qas 30. The inner shroud 26 also has a radially inward 
facing surface - that is, the surface that is opposite the 
radially outward facing surface and that faces toward the 
, h„„o;„„ Rfi Fore and aft support lugs 81 and 82 



seal housing 66. Fore and aft support lugs 81 and 82 
extend radially inward from the shroud radially inward 
facing surface and form a portion of the cavity 45 
[0035] As shown best in Figures 2 and 6, the radially 
inward facing surface of the inner shroud 26 forms a 
raised portion 95 around the passages 42 and 44 that 
is sometimes referred to as a "race track." The rad.ally 
inward facing surface also forms raised portions 96 and 
97 along each of the longitudinal edges 79 and 80 that 
are referred to as "rails." In between these raised por- 
tions 95-97 are recessed portions 98-100, as shown in 

Figures 4-6. , 
[0036] As shown in Figures 2 and 4-6, the two re- 
cessed portions 98 and 99 are covered by impingement 
plates 83 and 84, respectively. The edges of the plates 
83 and 84 are attached to the raised portions 95-97 and 
the rear support lug 82, for example, by welding. Cham- 
bers 77 and 78 are formed between the impingement ™ 
plates 83 and 84, respectively, and the recessed por- 
tions 98 and 99, respectively. Numerous small holes 101 
are distributed around each of the impingement plates 
83 and 84 that cause a portion of the cooling air 75 and 
76 delivered to the cavity 45 to form jets 59 that flow 55 
through the chambers 77 and 78 and impinge against 
the surfaces of the recessed portions 98 and 99, thereby 
providing impingement cooling of the inner shroud 26. 



[0037] The jets of cooling air 59 that enter through the 
holes 101 in the impingement plates 83 and 84 are col- 
lected by the chamber 77 and 78. As shown in Figures 
2-5 a number of axially extending passages 92 and 92 
are'formed in the portion of the inner shroud 26 adjacent 
the trailing edge 43. The passage 92'. which is located 
in the center portion of the inner shroud 26, is connected 
directly to the cavity 45, as shown in Figure 3. However, 
the passages 92 in the remaining portions of the inner 
shroud have inlets that are connected to the chambers 
77 and 78, as shown in Figures 4 and 5. Thus, the cool- 
ing air jets 59 collected by the chambers 77 and 78 flow 
through the passages 92 and serve to cool the trailing 
edge portion of the inner shroud 26 after they have ac- 
complished the impingement cooling. 
[0038] As shown in Figures 2-5, a transversely ex- 
tending passage 88 is formed in the portion of the inner 
shroud 26 adjacent the leading edge 42. The passage 
88 preferably has a height in the radial direction of ap- 
proximately 0.6 cm (0.25 inch) and extends across al- 
most the entirety of the width of the inner shroud 26. 
According to an important aspect of the current inven- 
tion the passage 88 contains numerous radially onent- 
ed Jin fins 89 that connect the opposing walls of the pas- 
sage As previously discussed, the array of pin fins 89 
create turbulence that increases the heat transfer coef- 
ficient of the cooling air flowing through the passage 88. 
In the prefened embodiment, the pin fins 89 have a di- 
ameter of approximately 0.3 cm (0.12 inch) and are 
spaced approximately 1 .0 cm (0.4 inch) apart. 
[0039] As shown in Figures 2, 4 and 7, a passage 90 
is formed in the forward support lug 81 adjacent the re- 
cessed portion 100. The passage 90 forms an inlet that 
allows another portion 57 of the cooling air 75 and 76 
delivered to the cavity 45 to enter the passage 88 by 
flowing longitudinally upstream. After entenng the pas- 
sage 88, the cooling air 57 turns approximately 90 and 
flows transversely through the passage 88 and. with the 
aid of the array of pin fins 89, cools the portion of the 
inner shroud 26 adjacent the leading edge 42. 
[0040] As shown in Figures 2, 5 and 7, a passage 91 
is formed in the forward support lug 81 adjacent the re- 
cessed portion 98. The passage 91 forms an outlet that 
allows a portion 58 of the cooling air 57 to exit the leading 
edge passage 88 after it has flowed along substantially 
the entirety of the length of the passage 88. After turning 
approximately 90°, the cooling air 58 flows longitudinaHy 
downstream and enters the chamber 77 formed by the 
impingement plate 83. The chamber 77 collects the jets 
59 of cooling air that flowed through the holes 1 01 in the 
impingement passage 83 as well as cooling air 58 from 
the leading edge passage 88 and directs it to the trailing 
edge passages 92 that have their inlets connected to 
the chamber 77. The cooling air 60 flowing through the 
trailing edge passages 92 then exits the inner shroud 
26 through outlets in the trailing edge 43. 
[0041] As shown in Figures 2 and 8, another portion 
61 of the cooling air 57 that entered the leading edge 
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passage 88 flows into passages 93 and 94. The pas- 
sages 93 and 94 extend longitudinally through the sup- 
port rails 96 and 97, respectively, along the longitudinal 
edges 79 and 80, respectively, of the inner shroud 26. 
Thus, the cooling air 61 serves to cool the support rails 5 
96 and 97 as well as the leading edge portion of the inner 
shroud 26. 

[0042] As can be seen, according to the present in- 
vention, maximum use is made of a portion of the cool- 
ing air 75 and 76 directed to the disc cavity 45 to provide 10 
impingement cooling of the radially inward facing sur- 
face of the inner shroud 26, as well as convective cool- 
ing of the leading edge portion, using the enhanced heat 
transfer provided by the pin fine 89, the trailing edge por- 
tion and the support rails 96 and 97. 15 
[0043] Although the present invention has been de- 
scribed with reference to the shrouds of the second row 
of stationary vanes in a gas turbine, the invention is also 
applicable to other rows of stationary vanes. 



Claims 

1 . A gas turbine comprising a compressor (1 ) for pro- 
ducing compressed air (20), a combustor (15) for 25 
heating at least a portion of said compressed air, 
thereby producing a hot compressed gas (30) and 
a turbine (3) for expanding said hot compressed gas 
so as to produce shaft power, said turbine having a 
stationary vane (17) disposed therein that is ex- 30 
posed to said hot compressed gas and a cavity (45) 
in flow communication with said compressor, 
whereby said cavity receives a flow of cooling air 
(75, 76) formed by a second portion of said com- 
pressed air, said stationary vane having an airfoil 35 
portion (25) and a shroud portion (26) disposed ad- 
jacent said cavity, said shroud portion having a first 
passage (88) formed therein, said first passage be- 
ing in flow communication with said cavity, whereby 
said first passage receives at least a first portion of <o 
said cooling air (57), an array of pin fins (89) dis- 
posed in said first passage for increasing heat 
transfer from said shroud to said first portion of said 
cooling air, wherein said shroud (26) includes 

45 

a) leading and trailing edges (42, 43), said first 
passage (88) being formed in a portion of said 
shroud adjacent said leading edge; 

b) a chamber (77) formed therein, said first pas- 
sage in flow communication with said chamber, 50 
whereby said chamber receives at least a por- 
tion (57) of said cooling air received by said first 
passage; and 

c) a plurality of second passages (92) formed 

in said trailing edge portion, said second pas- 55 
sages in flow communication with said cham- 
ber, wherein said second passages receives at 
least a portion (60) of said cooling air received 



by said chamber. 

2. The gas turbine according to claim 1 , wherein said 
shroud (26) has transversely extending leading and 
trailing edges (42, 43), and first and second longi- 
tudinally extending edges (79, 80) defining a width 
of said shroud therebetween, said first passage (88) 
extending tranversely through a major portion of 
said shroud width. 

3. The gas turbine according to claim 2, wherein said 
first passage (88) is disposed adjacent said leading 
edge (42). 

Patentanspruche 

1. Gasturbine, aufweisend einen Kompressor (1), um 
komprimierte Luft (20) zu erzeugen, einen Com- 
bustor (15), um mindestens einen Teil der kornpri- 
mierten Luft zu erhitzen, wodurch ein heiHes, kom- 
primiertes Gas (30) erzeugt wird, und eine Turbine 
(3), um das heifle, komprimierte Gas zu expandie- 
ren, so dafi Wellenleistung erzeugt wird, wobei die 
Turbine eine darin angeordnete, stationare Schau- 
fel (17) hat, die dem heifien, komprimierten Gas 
ausgesetzt wird, und einen Hohlraum (45) hat, der 
in Stromungsverbindung mit dem Kompressor 
steht, wodurch der Hohlraum einen Strom Kuhlluft 
(75, 76) erhalt, der von einem zweiten Teil der kom- 
primierten Luft gebildet wird, wobei die stationare 
Schaufel einen Schaufelblattbereich (25) und einen 
Deckbandbereich (26) hat, die neben dem Hohl- 
raum angeordnet sind, wobei der Deckbandbereich 
einen darin gebildeten ersten Durchgang (88) hat, 
der in Stromungsverbindung mit dem Hohlraum 
steht, wodurch der erste Durchgang mindestens ei- 
nen ersten Teil der Kuhlluft (57) erhalt, wobei eine 
Anordnung von Nadelrippen (89) in dem ersten 
Durchgang vorgesehen ist, um den Warmeuber- 
gang von dem Deckband nach dem ersten Teil der 
Kuhlluft zu erhohen, wobei das Deckband (26) um- 
fafit: 

a) einen vorderen und einen hinteren Rand (42, 
43), wobei der erste Durchgang (88) in einem 
bei dem vorderen Rand gelegenen Bereich des 
Deckbands gebildet ist; 

b) eine darin gebildete Kammer (77), wobei der 
erste Durchgang in Stromungsverbindung mit 
der Kammer steht, wodurch die Kammer min- 
destens einen Teil (57) der von dem ersten 
Durchgang aufgenommenen Kuhlluft erhalt; 
und 

c) eine Vielzahl von in dem hinteren Randbe- 
reich gebildeten, zweiten DurchgSngen (92), 
die in Stromungsverbindung mit der Kammer 
stehen, wobei die zweiten Durchgange minde- 
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stens einen Teil (60) der von der Kammer auf- 
genommenen Kuhlluft erhalten. 

2. Gasturbine gemafi Anspruch 1 , wobei das Deck- 
band (26) einen vorderen und einen hinteren Rand 
(42, 43) hat, die sich in der Querrichtung erstrecken, 
und einen ersten und einen zweiten Rand (79, 80) 
hat, die sich in der Langsrichtung erstrecken und 
dazwischen eine Breite des Deckhands definieren, 
wobei sich der erste Durchgang (88) in der Quer- 
richtung durch einen groden Teil der Deckbandbrei- 
te erstreckt. 

3. Gasturbine gemafc Anspruch 2, wobei der erste 
Durchgang (88) bei dem vorderen Rand (42) ange- 
ordnet ist. 
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15 3. 



d'ecoulement avec ladite chambre, lesdits 
deuxiemes passages recevant au moins une 
partie (60) dudit air de refroidissement recu par 
ladite chambre. 

Turbine a gaz selon la revendication 1 . dans laquel- 
le ledit renforcement (26) comporte des bords avant 
et arriere a extension transversale (42, 43), ainsi 
que des premier et deuxieme bords a extension lon- 
gitudinal (79, 80), definissant une largeur dudit 
renforcement entre eux, ledit premier passage (88) 
s'etendant transversale ment a travers une majeure 
partie de ladite largeur du renforcement. 

Turbine a gaz selon la revendication 2, dans laquel- 
le ledit premier passage (88) est agence pres dudit 
bord avant (42). 



Revendications 

1 . Turbine a gaz comprenant un compresseur (1 ) pour 
produire de I'air comprime (20), un dispositif de 
combustion (15) pour chauffer au moins une partie 
dudit air comprime, produisant ainsi un gaz compri- 
me chaud (30), et une turbine (3), pour detendre : 
ledit gaz comprime chaud, de sorte a produire une 
energie de I'arbre, ladite turbine comportant une 
aube stationnaire (17) qui y est agencee, exposee 
audit gaz comprime chaud, et une cavite (45), en 
communication d'ecoulement avec ledit compres- 
seur, ladite cavite recevant ainsi un ecoulement 
d'air' de refroidissement (75. 76), forme par une 
deuxieme partie dudit air comprime, ladite aube sta- 
tionnaire comportant une partie de surface portante 
(25) et une partie de renforcement (26), agencee 
pres de ladite cavite, ladite partie de renforcement 
comportant un premier passage (88) qui y est for- 
me, ledit premier passage etant en communication 
d'ecoulement avec ladite cavite, un premier passa- 
ge recevant ainsi au moins une premiere partie du- 
dit air de refroidissement (57), un ensemble d'ailet- 
tes a goupilles (89) etant agence dans ledit premier 
passage pour accroitre le transfert de chaleur dudit 
renforcement vers ladite premiere partie dudit air de 
refroidissement, ledit renforcement englobant: 

a) des bords avant et arriere (42, 43), ledit pre- 
mier passage (88) etant forme dans une partie 
dudit renforcement adjacent audit bord avant; 

b) une chambre (77) qui y est formee, ledit pre- 
mier passage etant en communication d'ecou- 
lement avec ladite chambre, ladite chambre re- 
cevant ainsi au moins une partie (57) dudit air 
de refroidissement recu par ledit premier pas- 
sage; et 

c) plusieurs deuxiemes passages (92) formes 
dans ladite partie du bord arriere, lesdits 
deuxiemes passages etant en communication 
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